Volume 307, number 3, 272-274 FEBS 11351

August 1992
© 1992 Federation ol European Biochemical Sovieties 00145793/92/$5,00

Validity of putative calcium binding loops of photoprotein aequorin
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Three pepiides containing the putative Ca™ binding loops, I, IT and [11, respectively, of a photoprotein, aequorin, from jellyfish Aequrorea victoria

were synthesized by a solid-phase procedure. The peptides bound Ca® with dissociation constants of 107* to 107 M, providing evidence for the

assumption that Ca®* binding loops are actually responsible for the binding of Ca®*. When the highly conserved 6th glycine residue in the | 2-residue

loops was replaced by arginine, no large effect was observed on Ca® binding. Exposure to a hydrophobic environment and the binding of Ca?*
brought about conformational changes to the peptides,
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1. INTRODUCTION

A photoprotein, aequorin, of jellyfish Aequorea victo-
ria occurs as a complex consisting of apoaequorin, coe-
lenterazine and molecular Q., and Ca™ triggers light
emission [1]. Apoaequorin has been assumed to have
three Ca** binding loops, I, 11 and 1I1, on the basis of
their high sequence homologies to the Ca®* binding
loops I, III and IV, respectively, of bovine calmodulin
[2] (Fig. 1). In the Ca*" binding proteins, such as cal-
modulin [3], troponin C [4] and parvalbumin [5], the Ca**
binding loops consist of 12 amino acid residues and are
flanked by two helices at both ends (EF-hand structure).
The highly conserved 6th glycine residue in the loops
has appeared to be crucial for constructing a conforma-
tion suitable for chelating Ca®" [6,7). In the present
study, a synthetic approach was undertaken in order to
investigate whether the putative Ca?* binding loops in
apoaequorin actually interact with Ca** and whether
the 6th glycine residue in the loops is essential for the
binding of Ca**. For this purpose, peptides 1 (positions
20-40), 2 (positions 113-135) and 3 (positions 149-170)
that cover the loops 1, II and III, respectively, were
synthesized. Peptides 1’ and 2’, which contain arginine
in place of the 6th glycine residue in the loops, were also
prepared.

Abbreviations: Boe, t-butoxycarbonyl; Pam, phenylacetamidomethyt;
HF, anhydrous hydrofluoric acid; CD, circular dichroism: DMSO,
dimethy! sulfoxide; TFE, irifluoroethanol; Tns, 2-toluidinylnuph-
thalene-6-sulfonate.
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2. EXPERIMENTAL

2.1, Protected peptidvi-4-(oxymethiypl )plienylacetamnidomethiyl resins

Boc-amino acid-4-(oxymethyl)phenylacetamidomethyl (Pam) resins
(0.43 mmol Ala/g and 0.39 mmo) Leu/g) were prepared frorn amino-
methylated copoly(styrene-divinylbenzene) (1%) resin  (200-400
meshes) and Boc-amino acid-4-(oxymethyl)phenylacetic acid accord-
ing to Mitchell et al. [8], followed by acetylation of the remaining
amino groups with acetylimidazole. Successive additions of Boc-
amino acids Lo Boc-Ala- or Boe-Leu-4-(oxymethyl)-Pam resin (2.0 g)
along the sequences were conducted on a Beckman 990E peptide
synthesizer according to the method of Wong and Merrifield [9] with
the use ol benzolriazole-1-yl-oxy-tris(dimethylamino)phosphonium
hexafluorophosphate and 1-hydroxybenzotriazole as the coupling rea-
gents [10). The side chain-protected amino acids employed were §-
benzylaspartate, methionine sulfoxide, N%tosylarginine, N'-ben-
zyloxymethyl-histidine, N*-2-chlorobenzyloxycarbonyllysine, O-ben-
zylserine, O-benzylthreonine, O-benzyltyrosine, N"-formyltryplo-
phan and S-acetamidomethylecysteine,

2.2, Peptide hydrochlorides

Protected peptidyl-4=(oxymethyl)-Pam resins (500 mg) were cleaved
with HF (8.5 ml} in the presence of p-cresol (1 ml) and dimethyl sulfide
(0.5 ml) for peptides 1 and 1’ or of anisole (1 ml) and 1,2-ethanedithiol
(0.5 ml) for peptides 2, 2 and 3 at 0°C for 3 h. No cleavage of the
S-acelumidomethyl group in peptide 3 was made. After removal of HF
and extraction with ethyl acelate, crude peptide was extracted with
aqueous acetic acid containing HCI and purified by chromatography
on a Sephadex G-25 column wilh agueous acetic acid, followed by
HPLC ona TSKgel ODS-120T column using a solvent system of 0.1%
trifluoroacetic acid-acetonitrile containing 209% of 0.1% trifluoroace-
tic acid. The amino acid compositions of the hydrolysates of purified
peplides were well in accord with the theoratical values.

2.3, Determination of dissaciation constants

The dissociation consiants for the binding of Ca*" to peptides have
been determined potentiometrically with an Orion 93-20 caleium ion-
seleclive elecirode connected to an Orion 7014 ion meter at pH 8.0
(0.05 M Tris-HCI containing 0.1 M NaCl) and 25°C. The Nernstian
slope ol the clectrode waus in good agreemen! with the theoretical
vilue. The solution of peplides were titrated with CaCl, and, at each
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JCt, w)y + Mu= (2, v) + AMw (1L.2)
for cvery ¢t = I and «(t) s v << « == FG(¢), then it is possiblc to construct
monotonce sequences {ea,} nondecreasing, and { £3,} mnonincreasing, which
converge uniformly to the extremal solution o and

of (1.1). We insist
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peptides and proteins remains to be clarified.

CD spectra indicated that peptides 1 and 1" are in
random conformation in buffer both in the absence and
presence of 10 mM Ca?* (Fig. 3). However, in the pres-
ence of 70% TFE, conformations containing 8 and 20%
e-helix were observed for peptides 1 and 1’, respectively
(Fig. 3). The peptides appear to have the potential to
form an ¢-helix, although partially, possibly at both
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